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Abstract 
Historical development of residential housing is likely to have had certain influence on the current market prices of apartments. It 
is therefore important to ensure that the influence is correctly evaluated and adjusted to eliminate other factors. The influence is 
identified in relation to the probable motives and preferences relating to demand.The methodology is based on the formation of a 
comparative database of apartments, as homogeneous as possible, across different periods of construction on the Czech real 
estate market which can be divided into specific periods of time, each having their own characteristic features. Each database 
corresponds with a city with distinctive differences defined. The compiled and modified database can be statistically tested using 
linear parametric and non-parametric models. The findings indicate existence of price differences across the individual periods of 
construction, and facilitate a formulation of a functional (graphic) expression of the dependence for individual cities as well as an 
aggregate for the entire Czech market, i.e. a global curve. Subsequently, other possible causes, apart from the demand, are 
discussed. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Generally, various factors determine real estate market and affect market prices. It is important to evaluate at 
least the relative expression of factors affecting the price more than others. The main objective of this paper is to 
clarify the relationship between current market prices of apartments and the period of their construction on the 
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Czech real estate market. It is not uncommon for the supply of apartments to provide (in larger cities) units which 
are more than a hundred years old. In these cases we deal with very old apartments whose cost of rebuilding has 
been reduced due to extensive wear with market influences still acting on them. Such cross-sectional interaction will 
probably be showing at different periods of the construction differently. 
This paper was written with a partial contribution of colleagues’ work (Sojakova, 2013; Cernosek, 2014; Stary, 
2013; Walter, 2013; their thesis at vutbr.cz). Each of them was processing data within a particular locality of 
research. 
2. The market price of flats, historical development of residential houses and their estimated relationship 
2.1. Theoretical background 
The research is based on the area of the real estate market, property valuation and statistical models explaining 
the factors influencing the market price (market value).  
Various significant market factors may cause the market value of a property to significantly deviate from its 
material value (price based on costs). This fact is well illustrated on apartments and residential buildings. In general, 
it is obvious that we need to understand the building costs (replacement costs) of an apartment and its market value 
as two different values related to the same asset. 
2.2. Previous research on the issue 
The market price of a real property is conditioned by a number of qualitative and quantitative variables, which 
are then able to explain it in certain proportions according to the individual property. The estimate of the market 
value (definition in IVSC, 2011 and Tegova, 2012) can be roughly calculated by hedonic models or other tools. 
These may include a linear regression model with a link to a specific location with GIS application (Din, 2001) and 
classical concept of housing submarkets with hedonic modelling in the framework of the valuation process 
(comparative approach – IVSC, 2011) on price data form Belfast (Adair et al, 1996). The classical regression 
models often may appear heteroscedasticity in this type of data, which can be reduced by using generalized least 
squares as an estimating technique (Fletcher et al, 2000). 
Preferences of demand on real estate market are generally difficult to determine, especially as regards the site 
selection and its parameters. One such research was carried out in the Wasatch Front region in Utah (Liao et al, 
2015). The results derived from a latent class analysis reveal significant heterogeneity in residential location 
preferences. To be able to assess individual sites and their attributes, we need to analyze them in detail in order to 
achieve at least a relational structure. From a statistical perspective, factor analysis and cluster analysis (Bourassa et 
al, 1999) can be used to define specific submarket principal component analysis. 
Knowledge of the local market can be attributed to general information asymmetry in real estate transactions. We 
can say that well-informed buyers prefer better localities and thus further enhance their quality. However, these 
buyers can achieve other benefits in the transactions, for example some form of discounts (Chinloy et al, 2013). 
Apartment markets are distinguished by specific properties and influences, for example, state influences, the form 
of ownership, and usually sizable liquidity. Except for the usual parameters of trading, apartment submarkets also 
need to be considered. The research study on apartment submarkets in Dublin shows that different submarkets 
responded differently (Berry et al, 2003). For full identification and explanation of processes on a particular 
submarket, it is important to identify housing stock, as shown in detail on the example of Bratislava (Halas, 2007). 
This paper deals with the issue of the market value of residential buildings, or more precisely, apartment units 
within them, depending on the location in the city. The value in historical centers is both symbolic and social 
(Millan-Millan et al, 2014). The primary subject of the paper must therefore be a relatively homogeneous location 
with the representation of various types of buildings (from a historical perspective) to compare their price level. The 
apartments must be compared according to certain comparable categories (size, condition, equipment). 
 
146   Martin Cupal /  Procedia Economics and Finance  26 ( 2015 )  144 – 151 
2.3. Setting up the hypothesis 
The main objective of the paper is to identify the basic relation between expected prices and particular periods. 
The initial assumption is that with the increasing age of a property, its expected price will decrease. This is the 
starting point from which the following hypotheses were set up. 
 
H1: It holds true that apartment unit prices across various periods of their construction are significantly different. 
 
H2: Apparently, the course of apartment unit prices depending on their construction development will have the same 
trend as the dependence of depreciated replacement costs on time horizon. 
 
H3: Current demand preferences may result in the oldest apartments not being the cheapest ones. 
3. Data sets for individual localities 
3.1. Locality 1: Spatial development in Brno, Brno-Zabovresky city district 
The city district and cadastral area of Brno - Zabovresky (Sebrowitz in German) is located to the northwest of the 
historic city of Brno, on the left bank of the river Svratka. It has an area 434.87 hectares, 21 048 inhabitants and 
there are 118 registered streets and 4008 addresses. Zabovresky lies at an altitude of 270 meters. In the south, it is 
adjacent to the city district of Brno-center (includes cadastral areas of Pisarky, Stranice and Veveri), in the northeast, 
to the city district of Brno-Kralovo Pole (cadastral areas of Kralovo Pole and Ponava), in the northwest, to the city 
district of Brno - Komin and in the southwest, to the city district of Brno - Jundrov.  
Zabovresky city district has an urban character of development and it is conclusively among the largest and most 
attractive residential locations in Brno. Two parks are situated in the area of the city district.  
The local construction of residential houses can be divided into several phases, the first one before 1918 
(spacious apartments nowadays strongly morally obsolete with brick structures), which is marginal here, the 1918-
1938 period (interwar construction - architectural quality and spacious apartments with brick structures), the period 
from 1945 to 1989 (drooping architecture, apartments strongly standardized and generally smaller; brick and panel 
construction), and finally the period after 1989 (current trends in construction, saving on space, material of varying 
quality - usually concrete or brick elements). These phases each define a different structure of development, the 
needs of people of the time and material available on the market. 
In terms of housing stock, Brno disposes of 13.4 % of apartment buildings constructed in the period until 1919, 
27.1 % in the 1920 – 1945 period, 42.0 % in the 1946 – 1980 period, 11.6 % in the 1981 – 1990 period, and 5.9 % 
built in the period since 1991. In the city district of Zabovresky, apartment buildings represent 7 008 permanently 
inhabited apartments, of which 15.6 % were built till 1945, 58.2 % in the period between 1946 – 1970, 22.9 % in the 
1971 – 1990 period. Between 2000 – 2008, only 381 apartments were completed.  
The original data set includes a total of 151 apartments currently available on the market (12 ap. of apartment 
size 1+kk and 1+1, 69 ap. of 2+kk and 2+1 apartment size, 48 ap. of 3+kk and 3+1 apartment size, and 22 ap. of 
4+kk and larger). In terms of apartment typology labeling 1 + 1 means one room and a separate kitchen within one 
apartment, 1 + kk is one room together with kitchenette, analogously at higher numbers.  
After data processing, the final data set includes 42 homogenized apartments (9 ap.  built till 1940, 11 ap. in  the 
1950 – 1959 period, 12 ap. in the 1960 – 1989 period and 10 ap. built in the period between 1990 – 2013) 
(Sojakova, T., 2013, thesis). 
3.2. Locality 2: Spatial development in Praha, Praha 8 city district 
Praha 8 city district is one of the largest districts of the Czech capital. With over one hundred thousand 
inhabitants, its size corresponds with a population of a medium-sized city. Currently, the area of Prague 8 includes 9 
cadastral areas: 4 entire areas (Bohnice, Kobylisy, Cimice, Karlin) and the remaining five only partially (Liben, 
Troja, Strizkov, Nove Mesto and Zizkov). Prague 8 is diverse in terms of types of its buildings. Karlin is a compact 
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urban type that changes northwards in settlement and villa type. Moreover, it has a wide range of high quality 
buildings, which also include objects of national importance. It is exactly thanks to the diversity of the buildings and 
a large number of natural monuments that this part of Prague belongs among one of the most attractive locations 
within the metropolis. 
The market in the capital is typical of permanent excess of demand over supply. In the area of Prague 8 there is a 
relatively higher demand for apartments of up to 60 m2 and relatively lower demand for luxury apartments and also 
apartments with large acreage (over 80 m2). Especially attractive are renovated apartments and apartments in new 
buildings. 
In terms of housing stock, Praha 8 disposes of 18.92 % of apartment buildings built until 1919, 34.64 % in the 
period between1920 – 1970, 36.00 % in the 1971 – 1990 period, and 10.44 % in the 1991 – 2011 period. 
This data set includes a total of 151 apartments currently available on the market (33 ap. of apartment size of 
1+kk and 1+1, 57 ap. of 2+kk and 2+1 apartment size, 35 ap. of apartment size of 3+kk and 3+1 and 26 ap. of 4+kk 
and larger). 
A reducing procedure of the data set eliminated the previous 151 units to 54 homogenized ap. units (18 ap. built 
until 1956, 18 ap. in 1957 – 1990, and 18 in the period between 1991 – 2013) (Cernosek, 2014, thesis). 
3.3. Locality 3: Spatial development in Liberec 
Liberec city is a natural center of industry, trade and services within the northeast Bohemia. The number of 
apartments in Liberec was 39 670 total according to the 2001 census. According to the data obtained in 2011, 
another 3 865 units were built. There are apartment houses of various historical styles, such as Art Nouveau, 
Empire, and functionalism, postwar construction, socialist era construction and new construction.  
The data set includes 79 apartments, which represents the total number of selected units. The data set is not as 
modified as the previous localities. On the other hand, the more heterogeneous categories are represented by more 
units. The data distribution is following; 33 ap. built between 1900 – 1930, 13 ap. in 1931 – 1950, 9 ap. in 1951 – 
1980, 11 ap. in 1981 – 2000 and 13 ap. in 2001 – 2013 (Stary, 2013, thesis). 
3.4. Locality 4: Spatial development in Teplice 
The historical development of the city of Teplice was significantly affected by the presence of thermal springs. 
Teplice is located in northern Bohemia in the Usti region, approximately 15 km far from the German border line.  
The market with apartments in Teplice is very specific. More than half of the apartment houses there are in 
cooperative ownership and thus the market price of housing is significantly lower. It is a town built mainly in the 
period between 1950 and 1989. Apartments in residential buildings that were built during the period between the 
wars and also before or after 1989 are mostly in private ownership. 
Modified data set consists of 27 homogenized apartments (14 ap. 1900 – 1938, 5 ap. 1945 – 1970, 4 ap. 1971 – 
1990 and 4 ap. in the period of 1991 – 2013 (Walter, M., 2013, thesis). 
4. Methodology 
4.1. General procedure 
In an analysis of the phenomenon of residential development from a historical perspective and its impact on the 
current market prices of apartments, it is necessary to define several steps. These include methodology of data 
modification and subsequently application of statistical models and the creation of a global model. 
The first step involves modification of the data collected, or more precisely, the rules for data collection. There 
are two options. The modification either lied in reduction of a larger database based on certain criteria, or the 
database was created directly, conforming to certain guidelines. The output data were then used for further statistical 
processing. The last modification was the conversion of the overall prices of apartments to unit prices. 
The second step meant application of such statistical methods which could reveal differences corresponding with 
variants of a factor on one continuous variable. Such assignment corresponded with the selection of ANOVA and 
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Friedman ANOVA. Unit price of an apartment presented a continuous variable and the factor was a construction 
period of the particular apartment. The results were estimated by those linear models that were calculated within the 
four localities of the research. Graphs, such as box plots of multiple variables (moments and quantiles) were created. 
The following step performed generalization of the previous models for individual localities.  First of all, the data 
had to be centered. Without this, it would be impossible to assemble data of different levels in one graph to 
determine the relations of individual construction periods. Further, the centered unit prices of apartments had to be 
associated in a timeline. Therefore, approximately middle intervals for each period of construction were used. This 
process led to the creation of a two-dimensional data set, expressing the dependence of the current unit prices of 
apartments on the date of their construction. The estimate of the global regression curve was carried out using 
DWLS (Distance-Weighted Least Squares). The inflection points of the curve identified certain periods. On the 
graph is also located the usual course of DRC (Depreciated Replacement Cost (IVSC, 2011; Tegova, 2012), 
estimated for an apartment with a total price of 2 000 000 CZK, of floor area of 100 m2, and life expectancy of 100 
years. During the continuous linear wear, the DRC on this property would make 20 000 CZK per year, and 
expressed in unit price 200 CZK/m2 per year or 2 000 CZK/m2 per 10 years (displayed in the final graph). We can 
then compare the two trends related to the same property. 
4.2. Qualitative modifications of the data sets 
Data were qualitatively modified primarily by the following: 
x Data restriction on the most commonly traded sizes of flats (with respect to typology changes at different 
periods of construction) 
x duplicate units were omitted 
x Units of extreme locations (socially weak, luxury) were excluded 
x Comparability was the main key to the selection of the modified data sets 
x Exclusion of uninhabitable apartments. 
The prices were not further modified in any way so as to avoid 
distortion and devaluation of the data. 
 
4.3. ANOVA, Friedman test (Friedman ANOVA) 
Analysis of variance (ANOVA) belongs to general linear statistical models used to analyse differences between 
group means and their associated procedures (such as "variation" among and between groups). In its basic form, 
ANOVA provides a statistical test of whether or not the means of several groups are equal, and therefore generalizes 
the t-test to more than two groups. The null hypothesis says that samples in two or more groups are drawn from 
populations with the same mean values (Casella, 2008). 
Freidman test (Friedman ANOVA) is a nonparametric test that compares three or more matched or paired groups. 
The first step means to rank the values in each matched set (each row) from low to high. Each row is ranked 
separately. It then sums the ranks in each group (column). If the sums are very different, the p-value will be small. If 
the p-value is small, it means rejecting the idea that all of the differences between columns are due to random 
sampling, and concluding instead that at least one of the treatments (columns) differs from the rest. 
Both of these were used to reveal differences in unit prices of apartments caused by various periods of historical 
development of construction.    
4.4. Distance-Weighted Least Squares (DWLS) 
The distance-weighted least squares procedure does not fit to the data one function as a single formula. It is based 
on the following procedure. A polynomial regression is calculated for each value on the X variable scale to 
determine the corresponding Y value so that the influence of the individual data points on the regression decreases 
with their distance from the particular X value.  
This estimation technique has proven to be the best for capturing the course of unit prices over time. 
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5. Estimated models and graphical presentation 
5.1. Residential development from a historical perspective in Brno, Brno-Zabovresky city district 
To detect differences in the estimated levels of all models, one-way ANOVA using moment statistics, and 
Friedman ANOVA based on analysis of variance by ranks were used.  
The results for locality 1 (Brno Zabovresky city district) turned out as follows. ANOVA model showed F-statistic 
equal to 5.882 with p-value of 0.002. Thus the F-test does reject the null hypothesis (when α = 0.05) stating no 
significant differences among all-variant means of the factor. Friedman ANOVA, with its p-value of 0.00012, 
confirms the result. 
5.2. Residential development from a historical perspective in Praha, Praha 8 city district 
For locality 2 (Praha 8 city district) ANOVA model displayed F statistic as 16.573 with p-value of 0.000003. 
Thus the F-test also does reject the null hypothesis (when α = 0.05).  Friedman ANOVA indicated p-value of 
0.00007. The rejection of the null hypothesis was even more significant than in the previous case.  
5.3. Residential development from a historical perspective in Liberec 
The results for locality 3 (Liberec city) for ANOVA model showed F-statistic 4.5825 with p-value of 0.0023. In 
this case Friedman ANOVA showed p-value of 0.0663 and therefore the difference is not so significant as in 
previous cases. By Friedman ANOVA the hypothesis would be rejected at significance level of 0.1. Overall, 
however, it would confirm the significance of differences, but the difference is less evident in comparison to the 
previous situations. 
5.4. Residential development from a historical perspective in Teplice 
For the last locality 4 (Teplice city) the ANOVA model showed F-statistic equal to 25.9988 and its p-value of 
0.00000. Friedman ANOVA provided p-value of 0.0112 so both models did reject the null hypothesis at significance 
level of 0.05. 
5.5. Global analysis on the Czech real estate market 
Since all four test locations showed statistically significant differences in the prices of apartments depending on 
their construction, it makes sense to try to conduct a more general analysis. Global analysis computed and displayed 
the course of apartment unit prices over the time when the buildings of apartments were built. By using DWLS 
estimations, it was possible to detect the progress of current apartment unit prices over the entire timeline. The result 
is valid thanks to the input data (appropriate representatives were selected) for the entire Czech real estate market.  
The curve of the unit price shows some parts divided by inflection points, which created three significant areas: 
the first one between 1900-1945 showing slightly higher unit prices, second one between 1946-1980 with relatively 
lowest unit prices, and the 1981-2013 period revealing very high unit prices. The resulting graph thus provides 
answers to the questions about apartment unit prices depending on the period of construction. 
As for the comparison with the DRC (Depreciated Replacement Cost) line, the first area (1900-1945) is evidently 
entirely above the DRC, ie. the current market unit prices are much higher than corresponding construction costs 
(aggregated costs for a whole apartment in unit expression) with the corresponding wear. On the other hand, other 
areas are below the DRC line. Only at the end of the last period does the curve reach above it. Logically, both curves 
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Fig. 1.  The dependence of apartment unit prices on the periods of their construction on current Czech market 
6. Results and findings 
It is necessary to evaluate the set up hypotheses. This will help to clarify the key elements and questions of this 
issue. The final evaluation is as follows.  
 
H1: It holds true that apartment unit prices across various periods of their construction are significantly different. 
 
This hypothesis holds true. All ANOVA (Friedman ANOVA) models confirmed this hypothesis (except 
Friedman ANOVA which showed p-value of 0.0663 for locality 3: Liberec city. However, for a hypothesis this is 
not a very high probability and ANOVA did not confirm it either). Therefore it is possible to  regard apartment unit 
prices in different periods of construction as significantly different.   
 
H2: Apparently, the course of apartment unit prices depending on their construction development will have the 
same trend as the dependence of depreciated replacement costs on time horizon. 
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This hypothesis does not hold true. The main trend was interrupted in the period of 1927-1960, where, in the case 
of the unit price, the curve is decreasing. The DRC is always growing simply because the older apartments (cost of 
wear) are always cheaper. The binding of the DRC and the unit price curve naturally intensifies the closer we are to 
the current date as the graph shows. 
 
H3: Current demand preferences may result in the oldest apartments not being the cheapest.   
 
This hypothesis holds true. Two periods (1900-1945 and 1946-1980) which show that their price level relation on 
the current real estate market does not correspond the relation of DRC. It is most likely to be caused by the current 
demand with its preferences reacting to the given supply. This may be mainly due to the following elements (in 
terms of comparison of these periods): much larger apartment dimensions, the main typology being much more 
comfortable and generous, better quality architecture, historical value, lesser movement of residents owing to fewer 
apartment units, original and stylish design regardless of age. All these elements were not commonly present in the 
1946-1980 period. 
7. Conclusion 
The research deals with the current prices of apartments depending on the time in which they were built. It shows 
that the specific historical periods of construction differ from one another. Nevertheless, as expected, they do not 
differ on the basis of progression of age and wear.  
It has been proved that the course of this dependence is in the shape of an asymmetric U-curve and apparently, 
there is not only one trend for the entire timeline. The results are also inspirational in the context of the property 
valuation issue. 
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